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The aim of this pa per is to ex am ine the in flu ence of  gamma and X-ra di a tion on rel e vant 
char ac ter is tics  of  commercial gas filled surge ar  rest  ers in the d. c. re  gime. This ques  -
tion is very im  por  tant be  cause of the wide ap  pli  ca  tion of gas filled surge ar  rest  ers in
tele com mu ni ca tions,  mil i tary  in dus try  and  space  tech nol ogy.  We  found  that  both
types of ra  di  a  tion had sig  nif  i  cant in  flu  ence on the per  for  mance of gas filled surge ar  -
rest ers.
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IN TRO DUC TION
The  pos si bil ity  of  block ing  over-volt age  oc -
cur rences  is  sig nif i cantly  re duced  by  the  min ia tur -
iza tion  of  elec tronic  com po nents.  There fore,  ef fi -
cient over-volt  age pro  tec  tion of elec  tronic de  vices
and com  po  nents at low-volt  age level is of great im  -
por tance for their cor rect func tion ing. Over-volt age 
tran sients in power or sig nal lines arise di rectly from 
the  com mu ta tion  pro cess,  elec tro static  dis charge,
light  en  ing stroke, or, in  di  rectly, as a con  se  quence of
in  ter  ac  tion be  tween wire struc  tures of the sys  tem
and an elec  tro  mag  netic field. A per  ma  nent or tem  -
po  rary mal  func  tion  ing of the equip  ment caused by
a surge, may be the re sult of an im prop erly de signed
pro tec tion  cir cuitry  [1].
The over-volt  age com  po  nents are di  vided into
two cat  e  go  ries: (1) lin  ear and (2) non-lin  ear. Lin  ear
over-volt age  pro tec tion  com po nents  in clude  var i ous
types of fil  ters made up of ca  pac  i  tors and coils.
Non-lin ear  over-volt age  pro tec tion  com po nents  in -
clude tran  sient suppresser di  odes (TSD), metaloxide
varistors (MOV) and gas-filled surge ar  rest  ers
(GFSA)  [2].
The GFSA de  sign is very sim  ple. It con  sists of
a ce  ramic hous  ing and an elec  trode sys  tem.  It is a
two-elec trode sym met ric com po nent with gas in su -
la  tion. No  ble gases are most fre  quently used as the
in su la tion me dium. The elec trodes are pro filed so as 
to pro  vide a pseudo-ho  mo  ge  neous macro com  po  -
nent of the elec  tric field [3].
GFSA op  er  a  tion re  lies on the prin  ci  ple of the
elec  tri  cal break  down of a gas, which in it  self is a
con se quence  of  a  self-sus tained  av a lanche  pro cess
that de pends on the rel a tive ac  tiv ity of elec tron gen -
er a tion  and  loss  mech a nisms  [4].
GFSA  pos sesses  cer tain  ad van tages  com pared
to the other over-volt  age pro  tec  tion com  po  nents.
These are [1, 2]:
(1) the abil  ity to con  duct high cur  rents (up to
5000 A),
(2) a  low  in trin sic  ca pac ity  (~1 pF ), and
(3) low costs.
The dis  ad  van  tages of GFSA are:
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The sta bil ity char ac ter is tic of the GFSA is of great 
im por tance,  par tic u larly  if  a  de vice  is  op er at ing  in
high-risk  con di tions,  i. e.  when  the  ra di a tion  in flu ence
must be taken into ac  count [5]. The re  sults ob  tained in
pre vi ous  in ves ti ga tions  im ply  the  pos si bil ity  of  re plac -
ing  com monly  used  semi con duc tor  over-volt age  com -
po  nents (tran  sient suppresser di  odes, metal-ox  ide
varistor)  whose  pro tec tive  char ac ter is tics  sig nif i cantly
de  grade when sub  jected to ra  di  a  tion by GFSA [6, 7].
The aim of this work is to es  tab  lish the cri  te  ria,
which a com  mer  cially avail  able GFSA should meet if it
is to be con  sid  ered for use in high-risk sys  tems.
EX PER I MEN TAL
The ex  am  i  na  tion was car  ried out on the fol  low  -
ing com mer cial com po nents: (1) SIEMENS (type A) 
gas surge ar  rest  ers (nom  i  nal volt  age 230 V), and (2)
CITEL BB (type B) bi  po  lar ce  ramic gas surge ar  rest  -
ers (d. c. spark over-volt age 230 V). The outer di men -
sions and shapes of all com  po  nents of the one type
were iden  ti  cal. The ef  fects of gamma  and  X-ra di a tion
on the fol  low  ing GFSA characteristics were ex  am  -
ined:
(1) pre-break  down cur  rent as a func  tion of ap  plied
volt age,  and
(2) re  sis  tance as a func  tion of ap  plied volt  age.
The sche  matic di  a  gram of the test cy  cle for in -
ves ti gat ing  the  in flu ence  of  ra di a tion  on  GFSA
char ac ter is tics by a d. c. volt age is de picted in fig. 1.
Ex am i na tion  of  GFSA  char ac ter is tics  was  car -
ried out in a gamma ra  di  a  tion field of 60Co at the
VIN^A In  sti  tute of Nu  clear Sci  ences. The av  er  age
en ergy of the ap plied gamma quan tum was 1.25 MeV . 
The dose rate in air was 87,5 cGy/h, 875 cGy/h, and
1750 cGy/h, re  spec  tively. The dis  tance be  tween the
ra dio ac tive  source  and  the  ex am ined  over-volt age
com  po  nents was 272 cm, 86 cm, and 60 cm, re  spec  -
tively. All test ing was per formed at room tem per a ture, 
20 °C.
The  fol low ing  pa ram e ters  of  the  ra di a tion
field of the X-ray gen  er  a  tor Philips MG-320 were
em  ployed: high volt  age 300 keV , elec  tric cur  rent
15 mA. The fil  tra  tion used was in ac  cor  dance
with ISO stan  dards. The en  ergy of X-rays
amounted to 48 keV , 118 keV , and 248 keV , re  -
spec  tively. The test  ing was per  formed at room
tem per a ture  of  20  °C.
For  ex per i men tal  pur poses,  we  used  spec i -
mens con sist ing of 50 com mer cial com po nents of 
a  sin gle  man u fac turer,  with  iden ti cal  char ac ter is -
tics.  While  form ing  the  ex per i men tal  spec i men
con  sist  ing of 50 com  po  nents, we mea  sured their
nom i nal  char ac ter is tics.  When  the  mea sured  val -
ues of nom i nal char ac ter is tics  of a par tic u lar com -
po nent  ex hib ited  sig nif i cant  dis crep ancy  with  re -
spect to the de  clared val  ues, we em  ployed
Sovene’s cri  te  rion in or  der to read re  ject the bad
ones; i. e.  the  ex per i men tal  spec i men  ex cluded
them  [8].
RE SULTS  AND  DIS CUS SION
The GFSA pre-break  down cur  rent as a func  -
tion  of  ap plied  volt age  with out  ra di a tion,  with
gamma ra  di  a  tion and with X-ra  di  a  tion is shown in
figs. 2-4, re spec tively. From these di a  grams we have
con cluded  the  fol low ing:
(1) In the ab  sence of ra  di  a  tion, GFSA shows a very
sharp cur  rent in  crease dur  ing the break  down
(the break  down volt  age is 212 V for type A
com  po  nents and 223 V for type B com  po  -
nents). Be  fore the break  down, the cur  rent is
con stant, of the or der of 0.1n A. When the volt -
age reaches the break  down level, an abrupt in  -
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Fig  ure 1. The scheme of the test cy  cle for in  ves  ti  gat  -
ing the ra  dio  ac  tive re  sis  tance of GFSA by a d. c. volt  -
age
Fig  ure 2. Pre-break  down cur  rent ver  sus ap  plied
volt age  with out  ra di a tioncrease of the cur  rent is ob  served; cur  rent val  ues
reach ing up to a mA level. The ef fect of the rapid
cur  rent in  crease at the mo  ment of the break  -
down can be ex  plained by the in  crease of the
ion iza tion  ef fec tive  cross-sec tion  for  the  at oms
of the gas, with the in  crease of ap  plied gamma 
ra di a tion  en ergy.  The  in creased  num ber  of  elec -
tron-ion pairs in the area be  tween elec  trodes
leads to the in  crease in the pre-break  down cur  -
rent (con sist ing of free elec trons and ions reach -
ing elec  trodes per unit time). In the mo  ment of
the break  down, that is, when one of the free
elec  trons gen  er  ated in this way is in  i  tial  ized, an
av a lanche  pro cess  gen er ates  a  break down  cur -
rent whose mag  ni  tude is in  de  pend  ent of the
pre-break  down cur  rent. Ohm’s law is not valid
in this re  gion, since the ob  served two-elec  trode
sys  tem is in sat  u  ra  tion. In this case all elec  -
tron-ion pairs, gen  er  ated per unit time, reach
the elec trodes per unit time.
(2) gamma  ra di a tion    sig nif i cantly  in flu ences    GFSA
per  for  mance. In the pre-break  down re  gime, the
cur  rent is ten times stron  ger than with  out ra  di  a  -
tion. Pre-break  down cur  rent in  creases with the
in crease of the ra di a tion dose rate. In a gamma ra -
di a tion field, break  down oc curred at a lower volt -
age (205 V). The cur  rent in  crease is not as sharp
as in the case where there is no ra di a tion field dur -
ing the tran  si  tion from a non-con  duct  ing to a
con duct ing  re gime.
(3) GFSA  is  es pe cially  sen si tive  to  X-ra di a tion;
pre-break  down cur  rent is larger than in a
gamma ra  di  a  tion field. At higher lev  els of
X-ray en  ergy (248 keV), lower val  ues of
pre-break  down cur  rent are ob  served. Break  -
down oc  curred at lower volt  age lev  els than in
gamma field, and the cur  rent in  crease is
sharper than with gamma  ra di a tion.
Ef fec tive  cross-sec tion  for  the  ion iza tion  of
the gas is not a lin  ear func  tion of the ap  plied ra  di  a  -
tion. Dur ing X-ray ir ra di a tion (fig. 4), a res o nant in -
crease of the ef  fec  tive cross-sec  tion for ion  iza  tion is
ap par ent  for  the  ra di a tion  val ues  cor re spond ing  to
the lim  its of the con  tin  ual atomic spec  trum of the
gas in the gas filled surge ar  rest  ers. Ac  cord  ingly,
lower val  ues of the X-ray en  ergy cor  re  spond to the
higher val  ues of the pre-break  down cur  rent.
The ob  tained re  sults re  gard  ing the in crease in the
in flu ence  of  the  X-ray  ir ra di a tion  (com pared  to  the
gamma  ra di a tion)  on  the  pre-break down  cur rent  in -
crease can be ex  plained by the fact that X-rays have
higher  ion iza tion  prob a bil ity  dur ing  the  in ter ac tion
with the at oms of the gas. Namely, greater wave length,
i. e. lower X-ray en  ergy, lead to the in  ter  ac  tion of the
X-rays with the gas at oms as a whole, re sult ing in the ex -
ci  ta  tion or ion  iza  tion of the atom. On the other hand,
smaller wave length, i. e. higher gamma en  ergy, pro  -
duces  in ter ac tion  with  the  in di vid ual  (sin gle)  elec tron
in the atom, re  sult  ing in the lower ef  fec  tive cross-sec  -
tion for ion  iza  tion in the case of the ap  plied gamma ir  -
ra di a tion  (Compton  ef fect,  photoionization)  [9].
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Fig  ure 3. Pre-break  down cur  rent ver  sus ap  plied
volt  age in gamma  ra di a tion  field
Fig  ure 4. Pre-break  down cur  rent ver  sus ap  plied
volt age  in  X-ra di a tion  field
Fig  ure 5. GFSA re  sis  tance ver  sus ap  plied volt  age
with out  ra di a tionThe GFSA re  sis  tance ver  sus ap  plied volt  age
with out ra di a tion, in Co gamma field and with X-rays, 
is shown in figs. 5-7, re  spec  tively. The volt-ohm char  -
ac ter is tic can be eas ily cal cu lated from the volt-am pere
curve. Us  ing the lin  ear re  gres  sion (least-squares min  i  -
mal  er ror  method)  for mu lae  de fin ing  the  re la tion ship
be tween re sis tance and volt age are ob tained. The con -
clu  sions are the fol  low  ing:
(1) In the pre-break  down re  gime GFSA re  sis  tance
shows lin  ear in  crease with the ap  plied volt  age.
The in crease is more prom i nent for type A com -
mer  cial com  po  nents than for type B com  mer  -
cial com po nents. As volt age reaches break down 
level, an abrupt de  crease of the re  sis  tance is ob  -
served.
(2) In a gamma  ra di a tion  field, the re  sis  tance also
exhibits a lin  ear in  crease with the ap  plied volt  -
age, but has lower val ues of one or der of mag ni -
tude than with  out ra  di  a  tion. A slight de  crease
of the re  sis  tance is ob  served at volt  age val  ues
near break  down volt  age; at break  down volt  age
the de  crease is de  cid  edly pro  nounced.
(3) At lower X-ray en  er  gies (48 keV and 118 keV),
the in  crease of the re  sis  tance with the ap  plied
volt  age is slower than at higher X-ray en  er  gies
(248 keV). Vari  a  tions in the re  sis  tance val  ues
are ob  served for higher X-ray en  er  gies; break  -
down oc  curred at lower volt  ages fol  lowed by a
sharp de  crease in re  sis  tance.
CON CLU SIONS
The  re sults  of  ex am in ing  the  ra dio ac tive  re li -
abil ity of com mer cial GFSA are pre sented in this pa -
per. The in flu ence of gamma ra di a tion from a co balt 
gamma source, as well as the in  flu  ence of X-ra  di  a  -
tion, was tested on SIEMENS gas surge ar  rest  ers
(type A) and CITEL BB bi  po  lar ce  ramic gas surge
ar rest ers  (type  B).
Our main con  clu  sions are as fol  lows:
· The val  ues of break  down volt  ages for the
two types of com  mer  cial GFSA in the pres  ence of
gamma and  X-ra di a tion  and  with out  ra di a tion  have
been  de ter mined.
·  Ac cord ing  to  the  ob tained  ex per i men tal  re -
sults, it can be con  cluded that both types of ra  di  a  -
tion had sig  nif  i  cant in  flu  ence on GFSA pre-break  -
down cur  rents and re  sis  tance. Also, it was found
that  GFSA  is  par tic u larly  sen si tive  to  X-ra di a tion.
The ob  tained re  sults are of prac  ti  cal value for the
man u fac tur ers  of  these  com po nents.
· All ob  served ef  fects of gamma  and X-ra  di  a  -
tion on GFSA com mer cial com po nents have re vers -
ible  char ac ter;  i. e. af  ter a short pe  riod of time,
GFSA  char ac ter is tics  are  the  same  as  be fore  ir ra di a -
tion.
In the fu ture, our in ten tions are the fol low ing:
· To in  ves  ti  gate the in  flu  ence of n+ g-ra di a -
tion, as well as the in flu ence of a-rays and b-rays, on
the  char ac ter is tics  of  com mer cial  GFSA;
·  To  de ter mine  the  rel e vant  char ac ter is tics  of
GFSA un  der the in  flu  ence of ra  di  a  tion in the pulse
re gime;
· To ex  am  ine the in  flu  ences of dif  fer  ent types
of  ra di a tion  on  an  orig i nally  de vel oped  GFSA
model;
·  To take into ac  count the vari  a  tions in pres  -
sure in the gas cham  ber;
· To fur ther ex am ine the in flu ence of elec trode 
ma te ri als  and  elec trode  di am e ter  on  GFSA  char ac -
ter is tics.
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Fig  ure 6. GFSA re  sis  tance ver  sus ap  plied volt  age in
gamma  ra di a tion  field
Fig  ure 7. GFSA re  sis  tance ver  sus ap  plied volt  age in
X-ra di a tion  fieldREF ER ENCES
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UTICAJ  GAMA I  X-ZRA^EWA  NA PRETPROBOJNU  STRUJU  I  OTPORNOST
NEKIH  KOMERCIJALNIH  GASNIH  ODVODNIKA  PRENAPONA
Ciq ovog rada je da se ispita uticaj gama i X-zra~ewa na relevantne karakteristike
nekih komercijalnih gasnih odvodnika prenapona u jednosmernom re`imu rada. Ovo pitawe je
veoma zna~ajno zbog {iroke primene gasnih odvodnika prenapona u telekomunikacijama, vojnoj
industriji i svemirskoj tehnologiji. Pokazano je da oba tipa zra~ewa zna~ajno uti~u na
karakteristike gasnih odvodnika prenapona.
Kqu~ne re~i:  gasni odvodnik prenapona, pretprobojna struja, otpornost, gama zra~ewe, 
jjjjjjjjjjjjjjjjjjjjjjjjX-zra~ewe